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SUMMARY

Hinge-moment, lift, and pressure~digtridution
meagurements were made in the two-dimenglonal test amsectlon
of the NACA stabllity tunnel on a blunt-nose dbalance-~type
aileron on an NACA 66,2~216 airfoil at speeds up to 360
mlles per hour corresponding to a Mach number of 0.475.
The tests were made primarily to determine the effect of
speed on the action of this type of alleron. The balance-
nose radil of the alleron were varied from O to 0.02 of
the airfoll chord and the gap width was varied from 0.0005
to 0.0107 of the airfoil chord. Tests were also made with
the gep sealed. .

The variations in hinge moments and l1l1ft with Mach
number, angle of attack, and aileron deflesctlon are given
in the form of curves of section hinge-moment coefficlents
and saection 1lift coefficients plotted against aileron :
deflection for the variocus conditiong tested, together with
croga plota showing the general effect of Mach number, gap
width, aad balance-noae radil.

The resulte show that thero wvas a cansiderable in-
creage in the gtalled range of the aileron with lncreaged
speed, Up to the stall, the variation iA hinge-moment
coafficlente and 1ift coefficlenta for the spéed range
tested was small} dut the variation may be eppreciadle when
stick forces at high speeds are congidered.



INTEOPUCTION.

large increeses in the size and speeds of current
combat ailrplanes, in addition to high maneuverability re-
gquired in combat, have made it necessary to balance almost
exactly the hinge moments of ailerons and at the same tlme
to maintaln their effectiveness. Although most types of
elleron balances 1ln use today operate satigfactorily at
low speeda, difficulty, such as overbalance at high epeeds;
hag been experienced with gsome existing aileron installa-
tions. Thig difficulty 1es apparently caused by the large
amount of balance coupled with the changes in hinge moment
that result from compressibility effects. Consideration
of these problems has made necessary further research on
gome of the currently used or recently proposed balance
arrangementg.

The HACA 1s therefore undertaking a study of some of
the more promising aileron types at higher kKach numbers
than were employed in previouns developmgnts. This report
deals with the section characteristics of a blunt-nose
balence type of sileron of 0.20 airfoll chord with a 0.356
ailleron balapnce and of true contour used on an NACA 66,2-216
alirfoil. The amount of balance, 0.35 aileron chord, was
chogen because, from the data given in reference 1, it was
egtimated that this amount of balance would give almost
complete balance on an airfoll of the NACA 230 series at
a low angle of attack.

The section 1ift coefficlent ¢; and the section
hinge-moment coefficient ch, Wwere measured at various
airspeeds up to 360 mileg per hour, corresponding to a
Mach number of 0.475. Thege measurementg were taken
through an angle-ofrattack range fronm ~5° to 10° and an
aileron deflection range of %20°, The influence of the
gap width between the aileron and wing and the influence
of the radil of the projecting corners of the balance were
investigated. The deta are presgnted in the form of curves
of c¢; and ch, plotted against alleron deflection with

croes plote to show the effect of the alleron parameters.

SYMBOLS

¢ ailrfoll gection lift coefficlent <$£>

Ao} increment of airfoll section 1ift coefficisent
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' °m°/4; “"f"ﬂ section pitch‘i"nshmomont coeffio!..nt- about

' quarter—chord point of atrfotl ( )

ong aileron sectlon binge-moment cqefﬂ.cient (-._..)

Ca
} . airfoil sect lon lift

m°/4 airfoil gection pitching monment about guarterschord
point of airfoil

h, aileron section hinge moment

c chord of basic airfoil, inoluding aileronm

Ca chord of alieron measured from hinge axis back to

tralling edge
dynamic pressure (%975)
Y alr velocity
p mesg dedalty of air
0o angle of atteck for alrfoil- of infinite aspect ratio
8o aileron deflection with respect to airfoil

' Mach nunmber
APPARATUS AND MODELS

The tests were made in the ‘two~dimensional test sec—-
tion of the stablility tunnel at airspesds up to 360 mileg
per hotur. The test section is rectangular, 3 b feet wide
and 6 feet high..

‘The model of an NACA &6 2-316. a = 1.0 gection was
made of laminaled mrhogany. It completely apanned the
test section and was fixed into.clroular end digks that
were flush with the tunnel walls. The angle of -attack of
the model was ‘changed by rotating the end diskg. Tables
I and II give the ordinates of the airfoll gection and
locations of centers of belance~nose radli, respectively.
Figure 1 1s & photograph of a model mounted in the tunnel.



The aileron of 0.20c and 0.35¢c, balance and of true

eontour was made of steel with wooden nose pleces having
0, 0.0lc, and 0.03c balance~nose radii. (See fig. 2.)
The alleron was supported at the ends by ball bearings
mounted in steel end plates attached to the airfoil.

The alleron deflection was varied and the alleron
angle and hinge moments were measured by a calibrated
spring torque balance and sector system. Pressure ori-.
fices were located along the midspan of the wing and ai-
leron and the pregsure distribution was recorded photo-
graphically. In some capes hinge moments and 1ift were
obtained from the pressure-distribution diagrams.

For some of the tests the 1lift was also meagured by
an integrating manometer conneected to orifices in the
floor and ceiling of the tunnel. The integrating manom-
eter was callbrated agalngt 1ift obtained by pressure
digtribution.

IBSTS

Tests were made with balance~nose radii of 0, 0.0lc,
and 0.02¢c. With zero radii only pressure-~distribution
tegts were made. VWith radiil of 0.Qlc and 0.02¢c, bhinge
moments were meagured with gap widths of 0.0006e¢, 0.0030c¢,
0.0056¢c, and 0.0107c and also with a 0.0056c gap sehled
with a flexible sheet that extended from wall to wall,

In the test in which the 0.02c radii was uged - in addi-
tion to the pressure-digtribution and hinge-moment
measurementg -~ section 1lift was meagured by the integrat-
ing manometer.

Teete for each qondition were made at five epeeds
which gave Mach numbers in a range between 0,196 and 0.475.
The lowest gpeed corresponds to & Reynolds number of about
2,800,000 and the highegt speed to a Reynolds number of
about 6,700,000, . Figure 3 1s & plot of Reynolds number
based on gtandard atmogpheric conditions against test Mach
number. Tegts were made at engles of attaek of -6°, 09, 59,
and 10° with -2°, 20, and 7.5° added for the 0.0055¢c gap
(open and gealed). Tor each angle of attack readings
wore taken at the following aileron angles: O, *39, *50,
*70, *10°, %139, %169, *18°, and +3009,

The high speeds could not be attalned at the large
anglaes of attack with large aileron deflections because
of limited tunnel power.
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Pregaure~distridution records were taken at Mach
guwbers of 0.185, 0.358, and 0.476 for every angle of
attack tegted. .Tor each angle of attack roeords were
made at alleron angles of 0, *6°, =7°, %10°, and *16°.

PRECISION

Angles of atteck were set to within +£0.1° ‘and aileron
angles to within +0.3°, The hinge-moment coefficlenty
that were measured could bhe repeated te within +£0.003 and
the 11ft ecoefficients ta within tO 01l.

Corrections for tuannel~wall effects were not appliod
to the section hinge-poment coeffigjents. The followilng
correctiong were applied to the gection 1ift and section
pitching-moment coefficients and to the angle of attackt

ey = [1 -1 (1 + 38)) oy

Yoy !
4

g = (1 + ¥)a’

where

= .
48

h height of tﬁnnol

B = 0.304 (theoretical fector for WAQA 66,2-216, a = 1
airfoil)

¢1' measured 1lift coefficien}
cm°/4' mepgured pitchingrmomept coefflicient
a' uncarrected or gegmatric apgle pf attack

The valueg used are’



-~01 = 0.963 o;' ”;LJ o,

°m°/4 o 986 Cmc/ + 0 006 c’,l

G, = 1.023 a!

. Hinge moments .Ware meagured eimnltaneoualy by pres-
sure digtribution and by the spring torgque baslanca for e
number of varied conditlions and the results are shqwn in
figure 4. The variation in the values 1s probabdly dde to
the fact that the spring balance measures the hinge moment
on the entire aileron, which includes effects of boundary
layer at the tunnel wall and of gaps at the ends of the
alleron as well ag the effects of any cross flow over the
alleron; whereas the pressure digtribution gives the hinge
moment at one section of the alileron and is subjJect to
some errors in fairing the pressure-distribution dlagrams.

RESULTS AND DISCUSSION

In order that the regults for the tegts of variousg
model configurations may be more eagily found table III
€lves the figure numbers, the variations shown on the fig-
ure, and the corresponding model configuration. Only part
of the data are presented for the O and 0.0lc balance-nose
radii.

The regults show that for all conditlons the alleron
apparently stalled at an angle of deflectlon that depended
on the gpeed, the angle of pttack, the gap width, and the
belance~nose radiil and that the hinge moments increased
rapidly in the @talled range. At the tramsition point be-
tween the gtalled and unstalled range the alleron was
observed to oscillate between the gtalled and ungtalled
condition. As the ‘speed increased .the ungtalled range of
deflections of the aileron generally became gmeller. The
effect was most.pronounced with.the zero balance-nosge
radli.

Hinge Moment of Alleron

The alileron section hinge~moment coefficiente chy
plotted against ailleron deflection 5a are glven in fig-
ureg b to 7. The valueg of Chg given in figure b are
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from pressure~-digtribution records (no dther satisfactory
meagurements were available); those given in figures 6
and 7 are from apring-balance measurements (a comparigon
of regults obtained by the two methods 1s given in flg-
ure 4). These results show thet for a limited range of
ajileron deflectiong and angles of attack the aileron dal-
ance waps fairly effective. An average value of the slope
of the curve of gection hingermoment coefficient plotted

dch
ageinst aileron angle, STFE , of =0.0057 was obtained
a .
from values of cp, at a &y of 59 mas compared to a

value of -Q.011 given by unpublighed data for a 0.30 chord
plain gealed aileron on the game wing section. Although

acha

Om
combat airplenes, the increment reduction in the value of
dCh, ’
o 8a

the pame as would be obtalinsd for a 0.35cya balance alleron
on an NACA 230-serileg section.

the value of of =0.0057 48 relatively large for

1s, 2according to data reported in reference 1, about

For the range of Mach numbers K tested the most
noticeable effect of iuncreasing spsed on the hinge-moment
characteriptice of the ailerong was a conslderabls increase
in the stalled range of the eileron. The general trend of
the effect of M on Chg in the unptalled deflectlon

range 1s edown by figure 8 to be en increass 1n cp with

increase of M. BSome of this trend may be due tq the
change 1n Reynolds number. JApproximate values of Reynolds
number for any value of M may be obtained from figure 3.

A change in the unstalled range of the aileron 1ls
shown by figuresg 6 to 7 to be the principal effect on the
hinge~-umoment characterigticas resulting from changes 1in
balance-nose radil and gap width, A4An increase ln radil
from Q to 0.02¢ changed the unstalled range from about *4°
to about *+10° and increased the hinge~-moment-coefficient
gslope. Y¥Yor al) cases, the aileron with gap sealed had the
greatest ungtalled range. An increase 1n the gap decreased
apprecladbly the ungtalled range; the amount. of change
varlied with angle of attack and the effect was usually
greater for the poasltive range of aillepron deflections than
for the negative range.



Yigure 9 ehowg that the effect of gap on cha in the

unstalled range ig usgually small, The general variation
of cp, with a, 41e shown in figure 10. Here again the

effectg of M, balance~nose radiil, and gep are amall.,

Lift

The airfoil section 1ift curves, c; (obtained with
the integrating manometer) for a balance-nose radii of
0.02¢c with aileron neutral, are presented in figure 11l and
show that the slope of the lift curve increases with Mach
nunber. The variation of lift-curve slope with speed for
the various gap wildthe ie given in figure 12 togather with
e curve showing the theoretical variation. It is belleved
that cloger agreement would have been obtained if the com-
pressibility effect on tunnel-wall interference and Reynolds
number effects on the airfoil characteristics had DPeen

.takern 1nto account. PFigure 12 also shows that -the highest

slopes were obtaluned with the gap sealed. ¥Yhen the gap

was ungealed, an increase in the gap width csused a decreass
in the slope except at the highest speed tested where an
increase in gap regulted in an lacreage in the glope.

Figure 13 is a plot of section 1lift coefficlent agalnet
aileron angle. Iun order to avold confusion, falred curves
have been drawn in thieg flgure only through the test points
for a ¥ach number of epproximately 0.36. For low and
medium angles of attack an increagse in the speed lncreases
the value of the slope of these curves (%%L and the

' a
amount of increase varies with the angle .of attack. At
high angles of attack an increase in speed generally caused

. dey,

8 decreage in the value of{ =—— |

. 8a /,
dey
384 /,
range of 8, of %5, was highest at low and medium angles
of attack with the gap seeled and, at high 'angles of attack,
the glope was highest for the 0.0056c gap. Increasges in
gap ueually decreased the aileron deflection at which the

stall occurred and decreased conglideradly the effectiveness
of the aileron at largs alleron deflections. The loss in

Figure 15 also shows that tLe value of y for a
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ef!ectiveneas dne to the gap at 1arge aileron deflections '
wvags least at the high apeeds.'

: The alrfoil aection 14ft and section pitching—moment
coefflcients obtained by pressure diastridbution.for balance-
nose radil of O and 0.02c are preseanted in filgure 14, PFilg-
ure l4(a) ghows, as might be expected, that there is little
change in the 1ift curve (aileron neutral) with changes in
balance-nose radii. TFigure 14(b) shows the variation of
the airfoil gection 1lift coefficient ¢; with aileron de-
flectlion for the different radii. It 1s evident that the
alleron with 0.02¢ radiil has a much larger effective range
than elther of the other two allerons and that the aileron
with sero radll ip 4ineffieclient Pecemuse it loses all its
effectiveness et a positive aileron deflection of 5°.

Variations of alrfoll section li1ft coefficient ¢y

with Mach number for balance-npse radiil of 0.02¢c are shown
in figure 15 for three alleron deflectiona. The general
tendency, as expected, is for the 1lift coefflclent to 1in-
creage with Mach number; part of this increase probably ig
due to Reynolds number. At an angle of attack of 10°
however, the 1lift coefficlient decreaged after a certain
value of Mach numnber wap reached as a result of critical
speed occurring over the leading edge of the airfoll.

Increasing the gap width from 0.0005¢ to 0.0107¢
generally cauged a slight decrease in the value of cy.
(gee® fig. 16.) The aileron with 0.02c¢c balance-nose radil
uged in this test is somewhat more effective in producing
1ift at an enzle of attack of 10° than a plain gealed flap
of 0.20c on the game type airfoll at a%proximately the
gsama Reynolds number. ag 1g indicated by the data given 1in
reference 2. .

Sontrol-Torce Crlterion

~ The veriation of Aen,8a with Agy -1s & control-

force c¢riterion that takes into agcount not.only the re-
ductior in Aep, but algo the possible reduction in- Acy

(for 2 given deflection) that may be caused by the balancr

'1ng device. Thaerefore, even though Achy, may be reduced

conslderadbly; if it ig necessary to move the ceontrol sur-
face through a very large angle (decreasing the stick
leverage of the silerons) ths product may be incrsased
somewhat to obtain the gamé Ac;. "The criterion as usged

herein 1s strictly valid only at the instant that the
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alleron 1g deflected. The:upge.of this criterion for com~
puting stick forcep during a.roll will give an erroneous
indication of these forces becaunse differences in the
rates of varilation of hinge-moment coefficients with angle
of attack (dcp/da) of the aillerods that are being compared

are not taken into account.

Flgure 17, a plop of Achaﬁl againsgt Act ‘for

varioug Mach numbers, showe that the effect of Mach numbdber
on the balance effectiveness is small excapt for high

alleron deflections. Generally there 1s a decrease in the
range of balance sffectiveness with gpeed. In some cases,
however, the effective range increagses with small changes
of speed but is decreaged with further increases in ppeed.

Figure 18 shows the variation of Acngba with' Aey

for the different balance-nose radii, The effective 1ift-
producing range ia very small for the gzero radiil and 1ig
greatast for the 0.02¢ radii.

Figure 19 ghows the variation of Acha5a "with Acy

for the various gap widthg. For small and negative anglas
of attack the results were best with gap sealed but at
higher angles the resulta were begt wlth a.gap width of
0,00b66e.

4 plot to show the variation of Acp,8a with Agq

for various angles of attack (fig. 20) has been included
ag a matter of interest and, also, for possidle compari-
sons with other ailércnsa.

The regults of thege teats indlcate that a greater
amount of balance than that uweed in this investigation 1is
necessary if the milerons are to give gatisfactory hinge
moments for use on combat airplanes. The range of balance
effactiveneges and the rangse for which the alleron is effec~-
tive in producing rolling moments could probably be ex~
tended by an increage ir the balance-zosgé radii.-

For the range of speeds tested, ingremses in mpeed
.caunged a conamiderable increase in the gtalled range of the
alleron and in the unstalled range there were gmall in-
oroeages in the hinge moments. .Higher speeds, however,
probadly would have mgore effeot because it 1lg ugually not
until higher speeds are reached that the 11ft and drag
characteriagtices of airfolils are seriously affected by com~
pressibility.
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" ' CONCLUSIONS - -von - oo oo

The results of the tests of ailerons of 0.230 airfoll
chord and true contour with 0.356 alleron~chord cxtreme
blunt nose balance on the NAJA 66,2-216 airfoll indicate
the followlng general conclusions!

1. Increasing the Mach number up to 0.470 generally
caugses a gmall incroeage of the hinge-moment and 1i1ft coef~
ficlents but increases the stelled range of the alleronsg
congiderably. .

2. An increege of the balance-noge radiil from O to
0.02 chord increases the rangs for which the -aileron 1ig
effective by about 8° but results in increaged hinge-
moment coefficlents with little change in 1ift coefficlents
in the ungtelled range.’

4. An increage of the gap width increased the hinge-
roment coefficlents slightly with little change 1in 1lift
coefficient; however, a coungliderable incresse in the
stalled range of the aileron results. The magnitude of
the increase varies with the angle of attack.

4. The amount of balance tested, 0.35 alleron chord,
gave no case of complete balance and in some cases the
unbalance was relatively large.

Lengley Memorial Aeronautical Laboratory,
National Advigory Committee for Aeronautics,
Lengley Field, Va.
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TABLE I. - ORDINATES FOR NACA 66,2-216, a = 1.0 AIRFOIL

{Stations and ordinates in pefcent of wing chori]

Upper surface Lower surface
Station Ordinate Station Ordinate
0 0 0 0
N o) 1.230 . -1.130
.%uo 1. g% .ggg -1.30L)
1.128 1.85 1.372 -1.6
2.362 2.560" 2.638 -2.1
L.846 &.60 5.154 -2.972
7.34L0 B2 7.660 -3.580
.828 140 10.162 -l;.106
12.8%5 6.276 15.155 -1.920
19.860 7.156 20.1L0 -5.56l
2l,.879 g.8 25.121 -6.054
29.900 .3 30,100 -6.422
z[ .92l 8.7%6 5.076 -6.,676
.94 8.980 0.051 -6.838
.972 9.092 L5.026 -6.902
50.000 9.060 50.000 -6.88u
55'028 8.875 5L.975 -6.6 2
60.0 8.%96 53.952 -6.35
65.067 7.862 6l,.933 -5.802
70.081 s.ggl 69.919 -1.997
5.087 Z. 0 71.913 -1,.070
0.085 Nann 73.915 -2.052
85.075 3.395 8L.925 -2.049
90.05 2.103 83.9h5 -1.069
95.02 .913 9lt.972 -.281
100.000 0 100.000 0
L.E, radius: 1.575

TABLE II. - LOCATION OF CENTERS OF BALANCE-NOSE RADII

[Stations and ordinates in percent of wing chor-d]

Balance-nose qBPeg surface Lower surface
radii Station |Ordinate |Station |Ordinate
0 75.17 3.85 75.00 -L.0
1 75-30 sZ5 7533 -2,
e 75.67 3.62 75.79 -1.03




NACA TABLE III. - LIST OF FIGURES 13
Fig- ’ Balance-
uge' Wariation shown’ nose Gap width
' radii
f chg against 85 - - e ‘ _
> ﬂkby pressure distribution) Ce 0.0055¢
6 chg against &g .0lc <0055¢
' (a) .0005¢c
o (b) .0030¢
T Chg ageinst &g .02clg(c) .0055¢
(d) .0107c
(e) .0055c¢ (sealed)
(a) .O0lc} .0055¢
8 Chg &gainst M (b) .02¢ .0055¢ (sealed)
9 chg against gap (b) .02¢ Varies
(a) .O0lc { 0.0055¢
10 °hg ®2gainst o, (b) .02c .0055¢ (sealed)
] .0005¢
.0055¢
11 c; against ag .02¢ I« .0107¢
L .0055¢c (sealed)
- 10005
. c
12 655— 6a=0 against M .02c¢ |4 [0107¢
L .0055¢ (sealed)
'(a; .0005¢
b .0055¢c
13 c; sagainst &g .02¢ ¢§c) TN
[ (d) .0055c (sealed)
cy and cm obtained by
1, pressugéhdistvibution O°01 ‘ 0055¢
(a) Variation with aq '02° y
. (b) Variation with 6g vee
; .0055¢
15 o, sgainst M .02¢ { 0022S (sealed)
16 c; against gap .02¢ Varies
1 Achabg against Ac; 62 ' 0.00
7 | (showing change with M) +Vec -0055¢
( Achiéa against Acy
showling effect of balance- :
18 . nose radii) .02¢ 000550
(by pressure distribution)
Achg8g against Acy
19 &showgng effect of gap) -02¢ Varies
Achgba agalnst Acy
20 &showing spread with aqg) -02¢c 0.00$5c
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Mg. 1

Figure 1.- Airfoil and aileron mounted in tunnel.
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NACA .
~—To /eaoing edge

C=24.00" fig. 2

Gap

A=0.0005c
8 = 0030c
C= L0055¢c
D= .0/07c

Gap sealed with fleyible sheet

Figure R.—Aileron sectron of NACA 66,2-2/16 ; a=/.0

airfor/ showrmng variations of balance-nose
radii and gap.
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Figure /9. = Variation of control/-force criterion with jncremen? of sectrorn /iF7 coefficient, showing ¢
effect of gap. Balance-nose radii =0.020c ; M=0.4/7. '
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Tigure 20(s,b).- Variation of control-force critsrion with increment of section 1ift
coefficient for the angle of attack rangs. Balance-nose radii = C.02¢s

gap = 0.0055¢.
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